Introduction
Copper (Cu) is known to affect fatty acid and connective tissue metabolism through copper-dependent enzymes. Elevated serum copper concentrations in humans are associated with essential or pulmonary hypertension1,2). A number of other pathologic conditions in humans, including peripheral vascular damage, congestive heart failure, and ischemic heart disease, are reported to be somewhat associated Because of the suggestion that injury to vascular endothelial cells might be a cause of cardiovascular disease 6,7), many studies have been performed to elucidate the significance of the functions of these cells. There have been quite a large number of studies on the role of cell injury in the etiology of cardiovascular disease; however, few studies have pointed out which factors (or agents) might actually be responsible for the vascular endothelial cell injury.
The present study was undertaken to determine how copper might damage cultured human vascular endothelial (HVE) cells. 
Discussion
Precultivation of HVE and HAIN-55 cells in HBSS or the medium with copper sulfate (CuSO4) resulted in suppression of subsequent growth, viability and DNA synthesis in both cell types. The copper cytotoxic effect was concentration-dependent in both types. The importance of vascular endothelial cell function in the modulation of vascular smooth muscle cell reactivity has recently been recognized 10,11), Vascular endothelial cells can produce substances such as prostacyclin, endothelium-derived relaxing factor and endothelin, which regulate vascular tone 12),13), Vascular endothelial cell dysfunction appears to be The dose-response curves of the inhibitory effects of copper on subsequent growth and DNA synthesis of the two types of cells were different, with HVE cells being more susceptible to copper cytotoxicity than HAIN-55 cells. The reason for the difference in sensitivity to copper cannot be determined on the basis of the data presented in this paper. However, it may depend on the different cell functions and differentiation processes. In order to determine whether the differing sensitivity to copper is real or only apparent, the effect of aging, different PDLs and growth abilities and endothelial cell growth factor in maintaining HVE cells must be considered. Experiments on the effect of copper on viability of HVE and HAIN-55 cells at the same PDL without growth factor are in progress.
were such that they could be in human serum. However, over 95% of copper in serum presents as ceruloplasmin, which is considered to prevent copper cytotoxicity. The simplified experimental model using the culture system in this paper was useful to obtain basic information on the relationship between copper and vascular endothelial-cell functions.
In conclusion, the results of the present study indicate that the cytotoxic effect of copper on the subsequent growth, viability and DNA synthesis of HVE cells is concentration-dependent, and that HVE cells are more susceptible to copper cytotoxicity than HAIN-55 cells.
Summary
The effect of copper sulfate (CuSO4) on cultured human vascular endothelial (HVE) cells and cultured human f ibroblasts (RAIN-55) was investigated. HVE cells were collected from umbilical veins by enzymatic digestion with collagenase. The viability, subsequent growth and DNA synthesis of both cell types were inhibited concentration-dependently by the addition of copper. The cytotoxic effect of copper on the morphology of these cells was also concentration-dependent.
However, the cytotoxic effect of copper on the viability, subsequent growth and DNA synthesis was greater in HVE cells than in HAIN-55 cells. These results suggest that HVE cells are more susceptible to concentration-dependent copper cytotoxicity than HAIN-55 cells are, and that copper could induce vascular endothelial injury, which may be involved in the pathogenesis of cardiovascular disease.
